REVIEW ARTICLE

Post-Transfusion Hepatitis

A Serious Clinical Problem

J. GARROTT ALLEN, M.D., Palo Alto

B Serum hepatitis and infectious hepatitis may have a common pathogen and
their few clinical differences the result only of a difference in portal of entry.

The risk of serum hepatitis from transfusions derived from prison and Skid
Row populations is at least 10 times that from the use of volunteer donors. For
every 100 patients receiving a single transfusion, the attack rate is 0.3 per cent
when the donor is of the family or volunteer type and 3.2 per cent when the donor
is from a prison or Skid Row population.

The most practical methods of reducing the hazard of serum hepatitis from
blood are to limit the use of blood by giving one transfusion instead of two, two
instead of three, etc., and especially by excluding, if possible, all prison and
Skid Row donors.

It is urged that state and federal control of the quality of blood used for blood
transfusions be studied with the possibility that measures may be taken to in-
crease its safety. If it is necessary that blood from prison and Skid Row donors
be used to meet the demands, such blood should be labeled as carrying a signifi-
cantly increased hazard of transmitting serum hepatitis in order that the physician

prescribing blood may take the necessary precautions.

SERUM HEPATITIS is a clinical entity that may or
may not be related to or caused by the viruses or
family of viruses that cause infectious hepatitis.
In many ways, the similarities between these two
entities are so striking that the temptation is to
consider their differences more a manifestation of
portal of entry than of variances inherent in simi-
lar but not identical infectious agents. Perhaps
they are.

The data contained in this review pertain to a
10-year study (1945-56) conducted at the Uni-
versity of Chicago Clinics. The number of patients
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transfused with blood during that period was
12,598 and they received a total of 42,407 units
of blood. This was a continuing study and some
of the basic details are shown in Table 1. From an
adjusted 21 per cent sample of these patients other
studies were carried out and published elsewhere.!
The study was completed before cardiac bypass
procedures were instituted at that hospital.

Epidemiology of Serum Hepatitis

Age Distribution. In most reports it is shown
that approximately 85 per cent of cases of infec-
tious hepatitis occur in patients under the age of
25. Because the infectious agent is ubiquitous,
presumably there are many anicteric, asympto-
matic cases of infectious hepatitis that are never
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TABLE 1.—Blood Transfusions and Cases of Serum
Hepatitis (1946-1956)

TABLE 3.—Effect of Sex-Linked Indications for Blood
Transfusion Upon Serum Hepatitis, by Age and Sex of

Patients
II:IIumber og patientg 1t):ianilfused“ .............................. 12,5(9)8 N
umber of units of blood given 42,407 on-
Average number of units per patient 3.4 A ‘s:‘;’ff.'_,’}'"'?‘d ‘i""l}‘"'f’d
Completeness of followup 92.0%
Number of observed cases: icteric serum hepatitis 189 Female .............. 104 31 73
Number of known deaths from serum hepatitis.... 21 Male" oo, 85 4 81
*Of these 12,598 patients, 11,627 d independent 120 35 Tsa
patients iensethat t.he)? ar;:l:eived no aﬁﬁgﬁ'ﬁ'iﬁi&’s’l (episgc'i:g) egf Totals ........ 189 35 154
blood transfusions during the period of study; 971 did have two or
more series of transfusions. Age Distribution
70 and
. 0-19 2049 5059 6069 Older
diagnosed, and thus most people probably have
some degree of immunity before the age of 25. In l;f:l‘:le """""""" 2 g% %}5 %g g

contrast, the majority of patients receiving blood
transfusions are middle-aged or older, since the
need for transfusion increases with age, as does
the average number of transfusions given. For this
reason, 75 per cent of the cases of icteric serum
hepatitis were observed among patients over the
age of 39 (Table 2).

Sex Factor. Sex of the patient does not influ-
ence the numbers of cases of hepatitis except that
there are three sex-linked reasons for giving trans-
fusions to female patients and one sex-linked rea-
son for transfusions to males. These are childbirth,
mastectomy and pelvic operations in women, most
of which occur between ages 20 and 50. In males,
prostatectomy is the sex-linked operation often
requiring transfusion, and for the most part it is
performed after age 50. When the cases of icteric
hepatitis resulting from sex-linked reasons for
transfusion are eliminated, the remaining num-
bers of cases of hepatitis are essentially equally
distributed (Table 3).

Incubation Period. The length of incubation
period has long been used as one method for dis-
tinguishing infectious hepatitis from serum hepa-
titis. It is true that jaundice develops within three

to four weeks in most patients exposed to the path-
ogen orally. In serum hepatitis, jaundice may oc-
cur as early as the fourth week after transfusion
and as late as the thirtieth week but three fourths
of the cases occur between 30 and 90 days after
transfusion, and half the cases occur before the
sixtieth day (Table 4). These incubation periods
are much shorter than they were originally thought
to be, when cases occurring after the sixtieth day
were arbitrarily considered serum hepatitis. The
difference in length of incubation periods, while
real, may not necessarily imply that two distinct
infectious agents are involved. It may be that the
variations in incubation time can be accounted for
by the different portal of entry.

Interrelationships of Serum Hepatitis and Infec-
tious Hepatitis. These things seem clearly estab-
lished. First, that a fecal ultrafiltrate from a patient
in the active stages of infectious hepatitis ingested
by a susceptible person (Patient A) will resultin a
case of infectious hepatitis, usually within three to
four weeks. If, however, this same filtrate is given
parenterally to a susceptible person (Patient B),
hepatitis of a variety similar to, if not identical

TABLE 2.—Age Distribution, by Number and Per Cent, of Transfused Patients and of Patients Acquiring Icteric

Hepatitis
Per Cent of
Number of Per Cent of Number of Cases of Icteric

Patients in Patients in Cases of Icteric Hepatitis by

Age Groups Age Groups Age Groups Hepatitis Age Groups
Under 1 year 642 5.1 2 1.1
1-9 768 6.1 3 1.6
10-19 516 4.1 7 3.7
20-29 1,423 11.3 7 3.7
30-39 1,959 15.5 29 15.1
40-49 2,365 18.8 37 19.6
50-59 2,431 19.3 47 24.9
60-69 1,828 14.5 43 229
70 and over 666 53 14 7.4
Total 12,598 100.0 189 100.0
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TABLE 4.—Incubation Period of Serum Hepatitis from Blood Transfusion

Incubation Periods in Days

10-29 30-59 60-89 90-119 120-149  180-248 Total

Cases among all patients transfused.................... 4 78 54 23 15 15 189
Per cent of total cases by incubation period...... 2.2 41.1 28.7 12.0 8.0 8.0 100.0
Cases among patients when all transfusions

given within one day. 44 23 10 6 3 86
Per cent by incubation period.........ccccceveeueneenn. 0 51.2 26.6 11.8 7.0 34 100.0
Cases among patients when all transfusions

given within 3 days 57 29 13 8 4 113
Per cent by incubation period...........cccceceeeeenee 1.8 50.4 25.6 114 7.1 3.7 100.0

with, serum hepatitis will develop in 30 days to
six months. Second, Patient B, with the delayed
form of hepatitis, even though his infection is de-
rived from an ultrafiltrate of a primary case (Pa-
tient A) of infectious hepatitis, differs in that
ultrafiltrates of his feces and urine, prepared dur-
ing the active stages of his disease, will not induce
hepatitis when given orally or parenterally to other
persons.

However, if the blood or any of its icterogenic
fractions from Patient A and Patient B are given
parenterally to Patients C and D, both of these
individuals, if susceptible, will in time have the
delayed form of the disease—serum or transfusion-
associated hepatitis. But, if the viremic blood from
Patients A and B is administered orally, it will
not produce hepatitis. It thus appears that the
agent responsible for both entities is that which
causes infectious hepatitis and that once this agent
enters the bloodstream from the alimentary tract,
it is in some way altered so that it is infectious
only when administered parenterally. Nonetheless,
the ultrafiltrates from the stool of Patient A re-
main infectious if administered orally.

It therefore appears that the virus of infectious
hepatitis, once ingested, is readily transported from
the alimentary tract to the circulation, but the
agent, once in the bloodstream, does not return to
the alimentary tract, at least not in a form that
renders the stool infectious, Viremic blood appar-
ently is infectious only when administered paren-
terally, not orally. It is also of interest that the
blood of the patient with infectious hepatitis re-
mains infectious long after the ultrafiltrate of his
stool has lost its capacity to infect when given
orally or parenterally. It appears therefore that
the viremic “carrier” presented no problem until
jennerian vaccination was introduced in 1798, a
procedure which for 90 years entailed the prepa-
ration of the vaccine by harvesting and pooling the
purulent lymph of people vaccinated with cow

pox. Once Copeman’s method, in which the vac-
cine was cultivated on the skin of the calf, was
introduced, the need for the human harvest disap-
peared and so did the occasional epidemic of jaun-
dice associated with the jennerian-type vaccina-
tion.

With Ehrlich’s introduction of a new treatment
for syphilis in 1910, many of the epidemics of
jaundice which followed were erroneously at-
tributed to the heavy metals used, particularly his
arsphenamines. (So abusive to Ehrlich were these
criticisms that they may have contributed to his
untimely death.) Not until 1942 was it generally
recognized that these epidemics were due to the
use of the multiple dose syringe and to improper
sterilization of needles and syringes, although in
1920 Stokes had clearly indicated that jaundice
associated with arsenical therapy was related to
the blood of patients recovering from infectious
hepatitis and was not caused by the drugs used.

The precautionary measures against viral hepa-
titis are of two kinds. One is strict isolation of the
patient with infectious hepatitis until he has recov-
ered clinically. No such measure is necessary for
patients with serum hepatitis, although it may be
advisable if the source of the infection is in ques-
tion. However, in these latter patients, care must
be taken to dispose of or to autoclave all equip-
ment used for the drawing and testing of blood
samples. The second precautionary measure re-
lates to these persons when, after they recover
from hepatitis, they wish to serve as blood donors.
As such they are a potential source of infection to
patients receiving their blood or its icterogenic
products. At times the disease may be transmitted
accidentally from viremic blood contained in sy-
ringes and glassware that may puncture the skin,
as occasionally occurs among workers in blood
laboratories. Aside from these general precautions,
the use of gamma globulin is advisable, usually
5 to 10 ml on days 7, 21 and 35.1

CALIFORNIA MEDICINE

295



The Carrier-Donor

Occult Carriers. The viremic donor is the vec-
tor in serum hepatitis and, because his carrier state
cannot be recognized by present laboratory meth-
ods, his menacing presence can only be deter-
mined when hepatitis develops in a patient receiv-
ing his blood and the diagnosis is reported to the
blood bank, thereby identifying the donor, if suit-
able records are maintained. This carrier appears
decidedly different from the patient recovering
from viral hepatitis, whose viremic state lasts only
for a few months to possibly a year or so.

The viremic carrier, whose blood is drawn at
the blood bank and causes hepatitis when given
to a susceptible patient, almost certainly has been
carefully questioned and has reported that insofar
as he knows he has never had this disease. Almost
certainly in the case of the volunteer donor, the
information he gives is correct and he is quite in-
nocent of any knowledge that he has had hepa-
titis or that he has been a carrier of the virus. If,
at this time, all practical tests of liver function
were to be performed, the results would not differ
from those in the normal population.* Moreover,
if one keeps such carriers under observation for
years, icteric hepatitis appears not to develop
later, yet their viremic state may continue indefi-
nitely; if they serve as donors a second time some
years later, their blood, when given to susceptible
patients, may again result in cases of icteric hepa-
titis. It is possible that such a carrier may remain
viremic for life, but he poses no threat to others
if he is aware of his condition and does not serve
as a blood donor, or if, in a physician’s office or
hospital, he is not given parenteral medication
from a multiple-dose vial or syringe subsequently
used, without proper sterilization, for inoculating
other patients.

In short, the carrier who is so dangerous from
the standpoint of transfusion appears to have es-
tablished a state of indifference or tolerance to the
virus and to be in good health, living in a com-
pletely compatible relationship with the organism.
One can only speculate how such a harmonious
coexistence can develop—from the standpoint of
the host, as well as that of the virus. Several events
which normally would occur, possibly in the car-
rier, do not. Ordinarily a virus replicates within
the cell, often a specific cell. It continues this

*Drug addicts and patients with chronic liver disease may have
subacute and chronic states of viral hepatitis, in which case results
of tests of liver function are usually abnormal and to some degree
the patients may be symptomatically ill.
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process and as antibodies are formed the cellular
structure is destroyed in the course of antigen-
antibody reaction. Indeed, it is this reaction which
appears to create symptomatic disease. When,
however, no antibody is produced, the animal ap-
pears healthy and capable of living most if not all
of its lifespan in this state of harmonious toler-
ance. The conditions under which this degree of
tolerance has been established experimentally may
not be the same conditions in which the carrier
state is established in man, although they could
be. In animals, the state apparently does not de-
velop unless the species is infected late in the ges-
tational period, or in the early prenatal period, be-
fore the animal is able to produce antibodies. This
same mechanism possibly could occur in man and
account for the carrier-donor, but we do not really
know.

Risk Rates of Contracting
Serum Hepatitis from Blood

What is the probability that receiving a trans-
fusion of a single unit of blood will cause icteric
or clinically apparent hepatitis to develop in the
patient? Several factors contribute. First, the evi-
dence is clear that some icterogenic products are
more virulent than others; that is, some will pro-
duce a higher attack rate than others. Thus a pa-
tient with some degree of immunity may not get
icteric hepatitis from a product that causes jaun-
dice in patients with less immunity. Therefore, the
blood of a particular carrier may produce icteric
hepatitis in one patient and not in another. Sec-
ond, it appears that the proportion of susceptible
patients is remarkably constant among similar
population groups exposed to a common ictero-
genic agent. If exposed to a common agent of
greater icterogenicity, this uniformity among sub-
groups is reflected throughout each group by an
increase in the attack rates, as illustrated in Table 5.

Clearly, then, two important considerations
which we know exist but cannot identify in rela-
tion to a specific donor or specific patient, are the
degree of resistance of the patient and the degree
of infectivity or virulence of the donor’s blood.
Only if the virulence of the carrier-donor’s blood
is sufficient to overcome the patient’s resistance
will a case of icteric hepatitis develop.

There are groups among donor populations
whose blood produces more cases of icteric hepa-
titis than other groups. For example, the number
of cases resulting from single transfusions when



TABLE 5.—Observed Attack Rates Among Isolated Sub-
groups of Normal Recipients of Aliquots from Common
Lots of Pooled Icterogenic Plasma

Number of Cases of Attack Rates
Recipients Serum (Per Cent)
in Subgroups Hepatitis in Subgroups
Lot No. 335

26 6 . 23.1
64 15 234
65 17 26.2
65 15 23.1
68 21 30.9
74 17 23.0
76 18 23.7
82 21 25.6
84 20 23.8
87 15 17.2
144 34 23.6
- 182 35 19.2
210 51 243
1,227 285 23.2
Lot'No. 338

63 8 12.7
70 11 15.7
75 12 16.0
76 8 10.5
80 13 16.2
85 11 12.9
449 63 14.0

the donors are of the prison-Skid Row variety is
10 times greater than the number of cases result-
ing when the donors are volunteers, members of
the family or friends (Table 6). This difference is
alarming, and it also obtains for multiple transfu-
sions when the donor population is of the prison
type. These results may seem striking; however,
they have been confirmed by other investigators.?2

One of two factors, or possibly both, would
seem to explain this intolerable situation. It may
be that the blood of the carrier-donor among the
prison-Skid Row population is 10 times more viru-
lent than that of the carrier who is a volunteer or
family donor and thus overcomes resistance among
patients 10 times more frequently than does the
blood of the volunteer carrier-donor. Or perhaps

there are 10 times more carriers among the prison-
Skid Row population than among the population
at large.

Practical Methods for Reducing the Risk

Two practical methods exist at this time whereby
the numbers of cases of serum hepatitis from
blood transfusions may be reduced. One is a
method designed to reduce the attack rate for
serum hepatitis by improving the quality of the
donor populations used without necessarily reduc-
ing the numbers of transfusions given. The second
is to reduce the number of units of blood to which
each patient is exposed by extending the use of
plasma volume expanders. It is essential to pursue
both methods. To pursue one without the other
will help, but the results will be much more im-
pressive when both measures are actively pressed.

Quality Control of Donor Populations. From
the information available to him, it is not possible
under most circumstances for the physician pre-
scribing blood for a patient to determine the qual-
ity of the population from which the donor comes.

Although most blood banks, as well as the
American Red Cross, find it necessary at times to
supplement their blood reserves by drawing blood
from prison donors, unfortunately there is no in-
dication on the label of the blood container in-
forming the physician whether the blood comes
from a high-risk donor population or from a low-
risk volunteer group. Until it is required that such
information be added to the label, the patient’s
physician cannot properly assess the risk the trans-
fusion may carry. Without this information, it
follows that the physician is unable to justify the
extra precautionary measures that are necessary
when a donor is from a high-risk group. In addi-
tion, when the source of blood is not known, the
patient cannot be informed of the magnitude of the
potential risk of hepatitis from the blood he is to
receive.

TABLE 6.—Number of Cases as Related to Source of Blood Transfused

Number of
Transfused Ratio of Average
Total Number of Cases of Patients per Units of Number of

Source of Number Patients Hepatitis Case of Blood per Units per
Blood of Units Transfused E ed patiti. Case Patient
All Prison 5,337 1,854 62 30 86 2.09
Some Prison 9,420 3,247 90 36 105 2.90
No Prison (all volunteer).................. 29,650 7,497 27 278 1,024 3.69

Total 42,407 12,598 179*

*From blood purchased, and donors’ source not known, an additional 10 cases of icteric serum hepatitis occurred, bringing the total

number of cases to 189.
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It is a curious fact that with quality control so
much a part of the preparation of other biologic
products, similar measures have not been taken by
federal or state agencies to insure high quality of
blood by insisting upon the use of high quality
donor populations. This could be done either by
the elimination of prison and similar high-risk
donor populations or, as suggested above, if these
must be used, to have the container in which the
blood is supplied carry a special warning. With
respect to most if not all other biologic products,
state and federal laws require elaborate records to
identify the source and quality of the product, its
manufacturer and other simple but pertinent de-
tails in order that a particular lot or batch may be
effectively traced. At present we cannot perform
a practicable biological test on a particular unit of
blood to detect the presence of a hepatitis virus
which would make the unit unfit for transfusion.
But we could be informed that the blood obtained
from a high-risk donor population will yield ap-
proximately 10 times more cases of icteric serum
hepatitis than blood derived from a low-risk pop-
ulation. Until the importance of such information
is recognized and something is done to provide it,
the physician cannot assume his proper role in
prescribing blood—namely, to select, when pos-
sible, the safest product for his patient.

Reduction in Number of Units of Blood Given
per Patient. Because multiple transfusions of blood
carry all the risks of a single transfusion multiplied,
any method that will safely permit the administra-
tion of fewer units of blood will to that extent re-
duce the patient’s exposure risk to serum hepatitis.
For example, two transfusions carry twice the risk
of one and four transfusions carry essentially twice
the risk of two, and so on. It thus becomes just as
important to eliminate one transfusion in a patient
who would otherwise receive two or three units of
blood as it is to eliminate, when possible, the use
of the single transfusion.

Benefits of the Single Transfusion

In 1954 it was pointed out that a single trans-
fusion carried a hazard greater than was generally
appreciated; and in the particular instance then
being discussed, serum hepatitis, which had devel-
oped approximately seven weeks after the infusion
of one unit because of a transient episode of hypo-
tension during appendectomy under spinal anes-
thesia, had caused the patient’s death. Since a sin-
gle transfusion was all that was necessary, would
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not another fluid with less hazard have been ade-
quate in this patient? As to this particular case,
the answer is self-evident.

Unfortunately what appeared in retrospect to
have been the abuse of the single transfusion in
this instance caused many investigators to general-
ize that all single transfusions were unwarranted.
It has been distressing to learn that the Joint Com-
mission on the Accreditation of Hospitals has in-
cluded in its questionnaire an item regarding the
number of patients receiving single transfusions,
without inquiring as to the number of patients re-
ceiving two or three transfusions. The intent of
this question has been misinterpreted, because,
upon making inquiries in a number of hospitals in
this state and elsewhere, the author learned that
the trend is for administrators to exert pressures to
curtail the number of patients receiving a single
transfusion, with the result that some physicians
admit that, to minimize criticism, it is easier to give
two or three units than one. Any attempt to reduce
the hazards of blood transfusions is laudable, but
an attempt such as this one appears to enlarge the
problem rather than to reduce it. Much more can
be accomplished, however, if blood from a high-
risk carrier population be labeled as carrying an
increased hazard of serum hepatitis. Single transfu-
sions from the family donor will cause approxi-
mately three cases per thousand patients, whereas
those from the high-risk population carry a risk
of 32 cases per thousand.

The effect of reductions in numbers of blood
transfusions upon an actual series of patients trans-
fused is illustrated in Table 7. If it were possible
to eliminate one transfusion from each of the
12,598 patients transfused with blood, the total
transfused would be reduced by 37.6 per cent, or
by 4,738 patients. Of the remaining 7,860 pa-
tients, 3,030, or 38.5 per cent, would now receive
one transfusion instead of two. Were it possible to
eliminate two transfusions from every patient
transfused, the number of patients receiving blood
would be reduced from 12,598 to 4,830, and the
number receiving a single transfusion under these
conditions would be 1,561 or 32.0 per cent of the
total 4,830 now exposed.

With this reduction in the number of blood
transfusions administered per patient, the total
number of units of blood given would be reduced
by scarcely 20 per cent, whereas the total number
of patients exposed to blood would be reduced by
more than 60 per cent who thereby would be



TABLE 7.—Effect of the Elimination of One and Two Transfusions in a Patient Population in a General Hospital

Number of Transfusions
6
1 2 3 4 5 more Total

No. patients transfused 4,738 3,030 1,561 964 574 1,731 12,598
Per cent patients transfused 37.6 24.0 124 7.7 4.6 13.7 100.0
No. cases of hepatitis. 21 48 26 21 17 46 179
No. patients transfused if first transfusion 5 and more

were eliminated 3,030 1,561 964 574 1,731 7,860
Per cent patients transfused 38.5 19.9 12.3 7.3 22.0 100.0
No. cases of hepatitis 48 26 21 17 46 158
No. patients transfused if first two trans- 4 and more

fusions were eliminated 1,561 964 574 1,731 4,830
Per cent patients transfused 32.0 20.0 12.0 36.0 100.0
No. cases of hepatitis 26 21 17 46 110

Note: The benefits shown in this table are the results of the elimination of one and two units of blood in patients receiving only one
or two units and therefore avoiding blood exposure entirely. No attempt was made to adjust for benefits derived when the first two trans-
fusions are deleted from those receiving three or more units of blood.

P

spared any risk of serum hepatitis. With these re-
ductions the 69 cases that occurred among recipi-
ents of one and two units of blood would have
been avoided and probably an additional but in-
determinate number would not have occurred
among those receiving larger numbers of transfu-
sions,

It can be seen from the above that when blood
is used conservatively, and when this conservatism
is applied to multiple as well as single-unit recip-
ients, the proportion of single transfusions given
in any general civilian hospital will remain at ap-
proximately 35 per cent of all transfusions given,
excluding blood used for extracorporeal circula-
tion. By use of expanders, properly selected and
appropriately administered, the use of blood in

many patients now receiving two or even three
units could be avoided.

Department of Satirngery, Stanford Medical Center, 300 Pasteur
Drive, Palo Alto, California 94304.
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